Introduction
Many conditions can cause persistent pain after total hip arthroplasty (THA). Among them, impingement of the ilio-psoas tendon on the cup can result in groin pain. Ilio-psoas impingement (IPI) Published data on IPI are limited to small studies, none of which is randomised or prospective. Local corticosteroid injections seem insufficient to provide long-lasting pain relief [1, 6, [11] [12] [13] . Endoscopic tenotomy is a minimally invasive procedure that has provided promising results [4, 14, 15] , but has also been described as significantly diminishing hip flexion strength and carrying a risk of recurrent pain. Cup revision is a major surgical procedure with a non-negligible complication rate and may not be appropriate in all patients [6, 16] .
Studies of cup revision for IPI are few in number and small in size. We therefore conducted a large multicentre retrospective study with the following objectives:
• to assess the effectiveness of cup replacement in resolving the impingement syndrome; • to determine the frequency and nature of complications after cup revision for IPI; • to identify pre-operative factors associated with good outcomes of cup revision for IPI.
Our working hypothesis was that cup revision was effective in resolving the pain due to IPI in selected patients.
Material and methods

Patients
A retrospective multicentre study of treatment outcomes was conducted. Inclusion criteria were IPI against the cup after THA managed by isolated cup revision between January 2011 and March 2016 in any of the four participating centres. The diagnosis of IPI relied on the presence of groin pain exacerbated by hip flexion against resistance, without computed tomography (CT) evidence of cup loosening; it was supported in some patients by the imaging study findings. Neither pain at night nor pain radiating to other sites was an exclusion criterion. The 10 surgeons in the four study centres performed cup revision for IPI in patients meeting any of the following criteria: greater than 10 mm anterior cup prominence on the Lequesne oblique standing (false profile) radiograph or axial CT slice where cup prominence was most marked; greater than 5 mm anterior cup prominence on the same imaging studies combined with cup retroversion or greater than 55 • cup inclination; or excessive cup anteversion with tenting of the ilio-psoas tendon over the femoral head in a patient with a fixed-bearing prosthesis and femoral head diameter > 36 mm, bursitis, and slice-imaging evidence of IPI against the femoral head. Patients in whom IPI was not found during surgery and those with other causes of groin pain were excluded.
We included 46 patients. Table 1 reports their demographic features and pre-operative symptoms and Table 2 the type of implant in place at the time of the revision. These data were collected retrospectively. An antero-posterior radiograph of the pelvis, a Lequesne radiograph of the involved hip, and CT of the pelvis were obtained routinely (Table 3) . Cup rim prominence was demonstrated by CT in 45/46 (98%) patients and on the Lequesne radiograph in 38/46 (83%) patients. All patients had anterior rim prominence, cup malposition, or both (Fig. 1, Table 3 ). Cup inclination was 45 • to 50 • in 15 patients and greater than 50 • in 15 patients. Additional investigations were obtained when the diagnosis was in doubt. Thus, magnetic resonance imaging (MRI) was performed in 8/46 (17%) patients and showed psoas bursitis in 3. In one patient, MRI showed 35 • of anteversion, IPI against a 40 mm femoral head, and psoas bursitis; cup inclination was 50 • . The cup revision procedure in this patient involved implanting a dual-mobility cup in a more medial position, with less anteversion; these changes resolved the Table 4 reports the characteristics of the cup revision procedures. Ilio-psoas tenotomy was performed in 11 patients with tendon lesions or prominence of the newly implanted cup (e.g., due to acetabular dysplasia). IPI was noted during surgery in 45 patients and recorded in the surgical report. Table 3 Cup position before revision as assessed by radiography and computed tomography (CT).
Method
Cup position n = 46 Inclination on X-rays, mean ± SD (range) 50
38 (83%) Prominence by X-ray, mm, mean ± SD (range) 9.9 ± 4.5 (2-22) Anteversion by CT, mean ± SD (range) 8
• by CT, n (%) 21 (45%) Prominence by CT, n (%) 45 (98%) Criteria for isolated cup revision, n (%)
Prominence by X-ray or CT > 10 mm without malposition a
(24%)
Prominence by X-ray or CT > 10 mm with malposition a 15 (33%)
Prominence by X-ray or CT > 5 mm + cup retroversion
(26%)
Prominence by X-ray or CT > 5 mm + cup inclination > 55
Anteversion > 30
• and head ≥ 36 mm and IPI against the head with MRI evidence of ilio-psoas bursitis and cup inclination > 50
CT: computed tomography; IPI: ilio-psoas impingement; MRI: magnetic resonance imaging.
a Malposition was defined as anteversion < 10
• and/or inclination > 50
• .
Assessment methods
Follow-up visits were scheduled 6 weeks and 6 months after surgery then once a year. Radiographs were obtained at each follow-up visit. Pre-operative, intra-operative, and postoperative data were collected retrospectively from the medical files. The pre-operative Oxford Hip Score (OHS) [18] was groin pain during hip flexion, complications defined as any adverse event requiring a physician visit or hospital admission, revision surgical procedures, and recurrences defined as the return of pain identical to that experienced before cup revision.
Statistical analyses
Continuous variables were described as mean ± standard deviation (range). Associations with post-operative outcomes were 
Results
Outcomes
Mean hospital stay length was 6 nights (range, 4-15 nights). Full weight-bearing was resumed immediately in 40/46 (87%) patients. The remaining 6 patients were kept on touch-down weight-bearing for 6 weeks due to suboptimal stability of the press-fit cups used for revision surgery.
Mean follow-up was 21 ± 16 months (range, 6 month-6 years). No patient was lost to follow-up. At last follow-up, 39/46 (84.8%) patients were satisfied or very satisfied with the outcome. Significant improvements versus the pre-revision values were noted for the OHS, hip flexor strength compared to the contralateral side, and pain during hip flexion ( Table 5 ). The revision procedure failed in 4 (8.7%) patients, who experienced recurrent pain identical to their pre-operative pain but had no detectable cup rim prominence after the revision. Of these 4 patients, 2 had had ilio-psoas tenotomy performed during the revision procedure. One of the patients without previous tenotomy experienced complete pain relief after endoscopic tenotomy at the lesser trochanter (Fig. 2) . In the other 3 patients, no THA-related cause of the pain was identified; the level of pain was acceptable and none of these patients received further surgical treatment.
At last follow-up, 3/46 (6.5%) patients had experienced complications. There was 1 case each of deep vein thrombosis, anterior dislocation, and deep infection. The anterior dislocation was an isolated complication that occurred early after revision via the anterior approach with implantation of a fixed-bearing cup. Reduction was achieved by external manoeuvres under anaesthesia. The chronic infection of the prosthesis required two-stage replacement of both components. Thus, of the 46 patients, 2 (4.3%) required further revision surgery (chronic infection and endoscopic tenotomy).
Assessments of potential outcome predictors
None of the pre-operative or intra-operative variables studied was significantly associated with the outcomes. Thus, intraoperative tenotomy did not predict pain relief (OR, 0.52; 95%CI, 0.08-4. 
Discussion
To our knowledge, this is the first large study of cup revision surgery to treat IPI, with pre-operative CT documentation in all patients and no patient lost to follow-up. The few available data on cup revision for IPI come from case-reports [3, 9, 19] or small cohorts [6, 8, 10] . Furthermore, the surgical indications varied across studies [6] [7] [8] [9] [10] . In our population, cup revision was followed by significant relief from pain due to IPI, and over 80% of patients were satisfied by the procedure. Satisfactory outcomes after cup revision have been reported previously, particularly in patients with cup prominence [3, [8] [9] [10] 19] (Table 6 ). After 3.5 years, 76% of the patients studied by Chalmers et al. [10] reported resolution of the symptoms. Of our 46 patients, 4 experienced recurrent pain. Such treatment failures may be ascribable to persistent IPI on the cup, notably in patients with acetabular dysplasia or a deep psoas valley. In these situations, IPI may occur despite satisfactory cup anteversion that cannot be increased without inducing a risk of anterior dislocation or postero-inferior impingement. Ilio-psoas tenotomy may then be a more effective option. Persistent pain may also be due to a diagnostic error or to another source of ilio-psoas pain (e.g., limb length discrepancy, increased offset, large-diameter femoral head, or ceramic-on-ceramic prosthesis [20] [21] [22] ). Dora et al. [6] then Chalmers et al. [10] reported that a minority of their patients (2/16 et 5/21, respectively) had persistent groin pain after revision surgery, with no identifiable cause.
Our study has several limitations. First, the design was neither randomised nor comparative. Nevertheless, because therapeutic indications may vary across patients with IPI and should be assessed on a case-by-case basis, we believe that randomisation may raise ethical issues. The retrospective design carries a risk of bias during collection of the pre-operative data. However, cup revision for IPI is rarely performed and we felt that a retrospective study with a large number of patients would be more informative than a smaller prospective study. Second, the short follow-up may have led to possible late recurrences being missed. A 6-month follow-up is sufficient, however, to evaluate effects on pain and to identify failures. Furthermore, most complications occur early, within the 6-month time frame. Third, we did not evaluate offset or femoral anteversion, which may influence pain due to IPI against the cup. However, cup prominence or malposition potentially responsible for IPI was present in all patients. Fourth, determination of the radiographic and CT measurements by the surgeons may have Table 6 Previous studies of outcomes of cup revision for ilio-psoas impingement.
Number of patients
Study design
Cup malposition Anterior prominence on X-rays induced data collection bias. A unique feature of our study, however, is that pre-operative CT images were available for all patents. Measurements are more reliable on CT images than on radiographs, particularly for prominence and anteversion. Fifth, the inclusion of a patient with excessive anteversion is open to criticism, as IPI occurred against the femoral head and not the cup. However, the excessive cup inclination in this patient may also have contributed to the symptoms and the highly typical clinical symptoms met the study inclusion criteria.
In our study, a single patient required THA revision to treat a complication. The complication rate was low compared to the rates usually reported after THA revision. This finding may be related to the minimal bone loss in these patients free of loosening and infection. The revision cups were therefore primary THA cups in most of our patients, in keeping with an earlier study [8] . Complication rates vary across previous studies of cup revision for IPI against the cup (Table 6 ). Some studies recorded few or no complications [3, [8] [9] [10] , whereas others found high rates of incapacitating complications (e.g., greater trochanter non-union, dislocation, and deep infection) [6] .
No factor predicting post-revision outcomes was identified. Therefore, no data exist for identifying those patients most likely to benefit from cup revision for IPI. The failure to identify predictive factors can be ascribed to the careful selection of the patients for cup revision, based on anterior prominence or malposition of the cup. Of 16 tenotomies for IPI studied by O'Sullivan et al. [7] , only 1 was followed by recurrent pain, in a patient with anterior cup prominence; the pain resolved after cup revision. When IPI is due to major anterior prominence, treatment of this cause seems preferable over treatment of its consequences [8] , to diminish the risk of recurrence [23] . Based on a retrospective study of 29 surgical revisions for IPI after THA, Chalmers et al. [10] advocated isolated tenotomy in patients with ≤ 8 mm of prominence and cup revision with or without tenotomy in those with > 8 mm of prominence. Few studies report the extent of cup prominence [6, 9, 10] . Mean prominence was 5.8 mm in a study by Dora et al. [6] of 22 IPI cases treated on a case-by-case basis by isolated tenotomy or cup revision. The greater mean prominence of 9.9 mm in our study explains the use of cup revision. Although marked cup prominence is a crucial factor in the treatment decision, cup revision is also the preferred treatment in patients with cup malposition, which can cause prosthesis dysfunction. Cup malposition has only rarely been evaluated in studies of IPI against the cup. We believe that pre-operative CT imaging is mandatory to obtain an accurate evaluation of cup position and of cup prominence at the ilio-psoas notch. Adding tenotomy to cup revision was not associated with the outcome, probably because tenotomy was performed when required by the condition of the ilio-psoas tendon. Chalmers et al. [10] also combined ilio-psoas tenotomy and cup revision to obtain symptom relief in some patients. No consensus exists regarding the other factors that guide the surgical indications. Dora et al. [6] advocated ilio-psoas tenotomy in older vulnerable patients, patients with factors predicting difficult cup revision, and, similar to other authors, in patients with good cup position and a doubtful diagnosis [7, 24] . Cup revision was performed chiefly in younger patients without substantial bone loss and with a prominent or lateralised cup [6, 8] .
Conclusion
Cup revision can be a useful option for treating IPI against a prominent and/or improperly positioned cup after THA. The functional outcomes are encouraging. However, as with all arthroplasty revision procedures, the risk of complications must be factored into the treatment decision. We believe that CT is the most relevant investigation for guiding treatment decisions. CT provides an accurate evaluation of the extent of cup prominence at the iliopsoas notch and/or of cup malposition. Revision surgery is indicated in patients with marked cup prominence and/or cup malposition. In the absence of these abnormalities, endoscopic or arthroscopic tenotomy should be given preference.
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